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ABSTRACT. Surface preparation has a profound effect on the rate of flow of fluid through
wood, particularly in the longitudinal direction of flow. For best results, the surface must be
devoid of any debris and/or obstruction. The use of a sharp, thin knife appears to be an
effective way of preparing samples for natural permeability measurements.

IT HAS BEEN FAIRLY WELL ESTABLISHED
that within a single tree sapwood is more
permeable than heartwood and that
permeability in the longitudinal direction is
much greater than that in the radial or
tangential directions. Other factors affecting
gas permeability of wood are well documented
in the literature (Choong and Fogg 1972;
Comstock 1967, 1970; Sebastian, Cote, and
Skaar 1965; Siau 1971).

The literature, however, does not mention
the importance of surface preparation. For
this reason, a study was undertaken to explore
how surface preparation affects the flow of
gas through wood.

Experimental Procedure
Twenty-seven longitudinal and 15

transverse (radial and tangential) permeabili-
ty samples, measuring 5/8 inch in diameter
and 0.5 inch in length, were prepared from
several small disks of tupelo gum (Nyssa
sylvatica Marsh.). A band saw was used to cut
surfaces perpendicular to the direction of gas
flow. After conditioning to 10 percent
equilibrium moisture content (EMC),
permeability was measured with purified
nitrogen gas in an apparatus described by
Choong, Tesoro, and Manwiller (1975). The
bands awn surfaces were then microtomed,
and permeability was remeasured at the same
equilibrium moisture condition.

In addition, two pieces of southern pine
(Pinus sp.), about 0.5 inch thick, were obtained
from material used in a study by McMillin
and Harry (1971). Both were cut with an
airjet-assisted carbon dioxide laser. One was
cut across the grain, so that five longitudina]
permeability samples were obtained. The
other was cut along the grain, and four
tangential permeability samples were ob.
tained. After measuring gas permeability, the
laser-machined surfaces of each sample were
cut clean with a scalpel, reconditioned to 10
percent EMC, and then permeability re-
measured. The next surface preparation was
by bandsawing a very thin section from both
ends of each sample. The last method 01
preparation was by lightly sanding the
samples on fine sandpaper.

Results and Discussion
The mean permeability values for sawn

and microtomed tupelo gum are tabulated in
Table 1. In the longitudinal direction 01
movement, permeability was greater foJ
microtomed surfaces (avg. 6.4492 Darcys)

The authors are, respectively, Professor of
Forestryl lDuisiana State Univ., Baton Rou~e, La.,
Principa Wood Scientist, USDA Forest Servl~, So.
Forest Expt. Sta'h Pinevillel La., and Assistant
Professor of Wood ~ien~ ana Tochnolo~ Univ. of
the Philippines, Los Banos, Philippines. This 'Paper
was receIved for publication in July 1974.

31~WOOD SCIENCE Vol 7, No. 4



TABLE 1. - Average permeability valu.es between
sawn and microtomed sections in tupelo gum.

In the transverse directions, there was no
difference in permeability between the two
surface preparations (avg. 0.0007 Darcy). The
micrographs in Figure 1 (C) and 1 (D) show
that microtoming the surface may improve
surface smoothness slightly, but the fluid
encounters resistance as it passes through the
cross-wall structure, and apparently the condi-
tion of the outer surface does not affect flow
significantly.

Flow
direction

No. of

samples

~

Permeability
Sawn Microtomed

Longitudinal
Tangential
Radial

27
15
15

The permeability values for various sur-
face conditions in southern pine are sum-
marized in Table 2. In the longitudinal
direction, there was no significant difference
in permeability between laser-cut and scalpel-
cut surfaces, but the permeability of sanded
surfaces was significantly (1 percent level)
lower than for sawn surfaces. Moreover,
surfaces cut with the laser and the scalpel had

than for bandsawn surfaces (avg. 3.2196
Darcys). A paired t-test indicated the
difference was significant at the 5 percent
level. Scanning electron micrographs show
that the bandsawn surface is covered with
loose fibers (Fig. 1(A» that could inhibit the
flow of fluids. When surfaces were micro-
tomed, considerably more pore structure was
observed (Fig. 1 (B».

Frgure 1. - Scanning electron micrographs of tupelo gum surfaces cut acroea the grain by bandsawing (A) and
microtoming (B) and cut along the grain by bandsawing (C) and microtoming (D).
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significantly higher penneability values than
did the sawn and sanded surfaces. The greater
flow for surfaces prepared with a laser or with
a scalpel is due to opening of the pore
structure. Scanning electron micrographs
shQw that laser-cut (Fig. 2(A» and scalpel-cut
(Fig. 2(B» surfaces are far smoother Utan
bandsawn surfaces (Fig. 2(C». The pore

TABLE 2. - AlJerage Pe:rmeability values for
various surface conditions in southern pine.

Permeability

No. of Laser- Scalpel-
samples cut cut

Flow
direction Sawn Sanded

wngitudinal
Tangential

5
4

Figure 2. - Scanning electron microgra,2.hs of southern pine surfaOM cut acr088 the grain by a
laser (A), scalpel (IS), handsaw (C), and san~ (D).
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of flow of fluids through wood, particularly in
the longitudinal direction of flow. The surface
must be devoid of any obstruction in studies
dealing with natural permeability of wood. A
sharp, thin knife appears to be an effective
way of preparing samples for such permeabili.
ty measurements.

structure of sanded surfaces appears complete-
ly blocked (Fig. 2(D». In the transverse
direction, differences in permeability between
surfaces were slight.

It is concluded that the method of surface
preparation has a profound effect on the rate

Literature Cited

. 1970. Directional permeability of softwoods.
WOCMi and Fiber 1(4):283.

McMILLIN. C. W., and J. E. HARRy. 1971. Laser machining
of southern pine. Forest Prod. J. 21(10):35-37.

SEBASTIAN, L.P., W. A. caTE. and C. SKAAR. 1965.
Relationship of gas phase permeability to ultrastructure
of white spruce _ood. FOl8t Prod. J. 15(9):394-404.

SIAU. J. F. 1971. Flow in Wood. Syracuse Univ. Press.
Syracuse. N.Y. 131 pp.

CHOONG, E. T., and P. J. FOGO. 1972. Variation in
permeability and treatability in shortleaf pine and yellow
poplar. Wood and Fiber 4(1):2-12.

, F. O. TESoRO, and F. G. MANWILLER. 1975.
Permeability of twenty-two, small-diameter hardwood.
growing on southern pine sites. Wood and Fiber. In pre88.

CoMS'l'OCK, G. L. 1967. Longitudinal permeability of wood
to gases and non-swelling liquids. Forest Prod. J.
17(10):41-46.

APRIL 1975$22


